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Background of Invention 



[0001] 



This invention relates generally to nuclear reactors, and more particularly, to 



containment systems in nuclear boiling water reactors. 



[0002] 



One known boiling water reactor includes a reactor pressure vessel (RPV) 



positioned in a containment building or vessel, and a containment cooling system 
(CCS). A typical containment vessel includes both a drywell and an enclosed wetwell 
disposed in the containment vessel. The wetwell provides an additional source of 
cooling water for the reactor in the event of a pipe rupture or loss of coolant accident 
(LOCA). The CCS includes a passive containment cooling system (PCCS) having a heat 
exchanger submerged in a cooling pool located outside the containment vessel. 

[0003] In the event of a LOCA, high-pressure fluid or steam is released from the RPV into 
the containment vessel. The steam is retained in the containment vessel, flows to 
PCCS and is condensed in the PCCS heat exchanger. The steam condensate collected 
in the condenser is returned to RPV or the containment vessel. Inside the RPV, the 
condensate is turned into steam by core decay heat and the steam flows back into the 
containment vessel. This produces a continuous process by which the reactor core is 
cooled by water over a period of time following the LOCA. 

[0004] con tainment vessel, in turn, is sized and configured to receive relatively high 

pressure and high temperature steam in the event of the LOCA. The containment 
vessel or building is typically a large volume structure made of thick reinforced 
concrete configured to contain a steam release. The large volume provides an 
expansion area for depressurization and control of the steam. The containment vessel 
is configured to contain low pressures, of about 2 atmospheres (atm) to about 3 atm 
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(about 202 kilopascals (kPa) to about 303 kPa). The containment vessel also is 
effective as a radioactive boundary for containing the radioactive steam. Construction 
of the containment vessel and the support pad for the containment vessel is a 
complex event requiring significant time and resources at the reactor site. 

Summary of Invention 

[0005] In one aspect, a metal containment vessel for a boiling water nuclear reactor is 

provided. The containment vessel includes a bottom head, a removable top head, and 
a substantially cylindrical sidewall extending from the bottom head to the top head.. 
The bottom head, top head and cylindrical sidewall define a containment cavity sized 
to receive and enclose a reactor pressure vessel. The containment vessel has a 

pressure rating of at least about 50 atm (50.7x1 0 2 kPa). 

[0006] In another aspect, a boiling water nuclear reactor is provided that includes a 

reactor pressure vessel, a reactor core located inside said reactor pressure vessel, and 
a metal containment vessel. The reactor pressure vessel is enclosed inside the 
containment vessel. The metal containment vessel includes a bottom head, a 
removable top head, and a substantially cylindrical sidewall extending from the 
bottom head to the top head.. The bottom head, top head and cylindrical sidewall 
define a containment cavity sized to receive and enclose a reactor pressure vessel. 
The containment vessel has a pressure rating of at least about 50 atm. 

Brief Description of Drawings 

[0007] Figure 1 is a schematic diagram of a boiling water nuclear reactor in accordance 
with an embodiment of the present invention. 

[0008] Figure 2 is a schematic diagram of a containment vessel shown in Figure 1 . 

Detailed Description 

[0009] 

A boiling water nuclear reactor with a compact metal containment vessel in 
accordance with an exemplary embodiment of the present invention is described 
below in more detail. The compact containment vessel is smaller than known 
containment vessels and can be shop fabricated off-site for quick installation on-site. 
The compact containment vessel is used instead of the known relatively large and 
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expensive concrete or steel containment vessels having a large suppression pool of 
water that are designed to relatively low pressure ratings. The compact containment 
vessel has a relatively high pressure rating and is dry without a suppression pool. 

[001 0] The boiling water reactor with compact, dry containment vessel also employs a 
simple safety system which isolates and retains coolant inventory following a loss-of 
coolant accident (LOCA). The safety system is capable of maintaining core cooling and 
decay heat transfer using isolation condensers and equalizing lines without requiring 
coolant make-up from external sources. 

[001 1] Referring now to the drawings, Figure 1 is a schematic diagram of a boiling water 
nuclear reactor 10 in accordance with an embodiment of the present invention. 
Reactor 10 includes a reactor pressure vessel (RPV) 12 located inside a containment 
vessel 1 4, which sits on a support pad 1 6. A reactor core 1 8 (shown in Figure 2) is 
jyj located inside reactor pressure vessel 12. 

ih 

W [0012] Containment vessel 14 includes a bottom head 20, a removable top head 22, a 

u 



u : 

C3 



substantially cylindrical sidewall 24 extending from bottom head 20 to top head 22. 
Bottom head 20, cylindrical sidewall 24, and top head 22 define a containment cavity 



u 

a 26. Cavity 26 is of sufficient size so that RPV 12 is enclosed inside containment vessel 

I* 



14. The area between RPV 12 and containment vessel 14 defines a drywell 28. 

[001 3] Sidewall 24 includes a top flange 30 which mates with removable top head 22. 
Top flange 30 facilities the installation of top head 22. Sidewall 24 is welded to 
bottom head 20 to provide a pressure-tight boundary. Sidewall 24, top head 22, and 
bottom head 20 are forged and machined from any suitable metal, for example, in 
one embodiment, from a low alloy steel. Low alloy steels contain small amounts of 
alloying materials such as nickel, chromium, silicon, manganese, tungsten 
molybdenum, and vanadium, to improve mechanical properties. In alternate 
embodiments, sidewall 24, top head 22, and bottom head 20 are clad with stainless 
steel to improve corrosion resistance. 



[0014] 



Containment vessel 14 is capable of containing a high-pressure fluid, such as the 
steam, water and gas mixture anticipated in a loss of coolant accident (LOCA). 
Cylindrical sidewall 24 has a thickness sufficient to contain the high-pressure steam, 
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water and gas mixture. In the exemplary embodiment, the thickness of cylindrical 
sidewall 24 is about 1 5 centimeters (cm) to about 30 cm, andcontainment vessel 14 

2 

is capable of containing fluid at pressures up to about 50 atm (50.7x1 0 kPa) to 

2 

about 1 50 atm (1 51x10 kPa). The ability to contain high pressure fluid is referred to 
as a pressure rating. In alternate embodiments, the thickness of cylindrical sidewall 24 

can be less than 1 5 cm or greater than 30 cm. Sidewall 24 thickness less than 1 5 cm 

can be used when containment pressures are expected to be below 50 atm during a 

LOCA, and sidewall 24 thickness greater than 30 cm can be used when containment 

pressures are expected to be greater than 1 50 atm during a LOCA. 

[0015] Containment vessel 14 is relatively closely spaced from RPV 12. In the exemplary 
embodiment, containment vessel sidewall 24 is spaced about 1 meter from RPV 1 2 
with cavity 26 having a volume slightly larger than the volume of RPV 1 2. The volume 
of cavity 26 in excess of the volume of RPV 1 2 is the volume available for expansion 
of high pressure gasses, for example steam, venting from RPV 1 2 during a LOCA. The 
ability of containment vessel 1 4 to contain high pressure fluids, up to about 1 50 atm, 
permits the size of containment vessel 14 to be less than known containment 
enclosures. In alternate embodiments, sidewall 24 is spaced greater than or less than 
1 meter from RPV 12. The greater the spacing, the larger the volume inside 
containment cavity 26 is available for steam expansion and lowering pressures. The 
smaller the spacing, the smaller the volume inside containment cavity 26 is available 
for steam expansion which typically translates to higher pressures and the need for a 
thicker sidewall 24. The volume of cavity 26 is less than or equal to four times the 
volume of the volume of RPV 12. 

[0016] In one embodiment, sidewall 24 and bottom head 20 are forged and machined 

into a substantially complete one piece unit at a location remote from support pad 1 6. 
More specifically, sidewall 24 and bottom head 20 are fabricated at a remote 
manufacturing facility while support pad 16 is constructed at the reactor site. Sidewall 
24 and bottom head 20 are transported to the reactor site substantially ready to 
receive RPV 1 2 and associated internal components. Welding and machining is 
sometimes performed at the reactor site to install components in and through 
containment vessel 14. 
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[001 7] In the exemplary embodiment, sidewall 24 includes a plurality of penetrations 32 
(one shown). Sidewall penetrations 32 facilitate passage of a main steam line 34 and 
other lines, for example, feedwater lines, desired electrical system . lines, and 
mechanical/hydraulic system lines, through containment vessel 14 to RPV 12. Each 
penetration 32 is hermetically sealed to facilitate containment of high-pressure fluid 
in containment vessel 14. 

[001 8] Isolation valves 36 facilitate sealing penetrations 32. Isolation valves 36 are 

coupled to sidewall penetrations 32. In the exemplary embodiment, a first isolation 
valve 38 is located inside containment cavity 26, between sidewall 24 and RPV 12, and 
a second isolation valve 40 is located outside sidewall 24, adjacent sidewall 
penetration 32. Sidewall 24 further includes a pipe guard 42 surrounding sidewall' 
penetration 32. Pipe guard 42 extends from sidewall 24 to second isolation valve 40, 
C.3 and is configured to drain to containment vessel 14. 

, : f f i 

* si [001 9] Referring to Figure 2, a containment cooling system (CCS) 44 is coupled to 
containment vessel 1 4. CCS 44 includes a cooling condenser pool of water 46, 
isolation condensers 48, an inlet line 50, and a condensate drain line 52. Cooling 
condenser pool of water 46 is located outside containment vessel 14. Isolation 



jU condensers 48 are submerged in cooling pool 46. Inlet line 50 extends from 

f * 

containment vessel 14 to isolation condensers 48 and provides fluid communication 



[0020] 



between condensers 48 and drywell 28. In the event of a LOCA, steam flows from 
drywell 28 through inlet line 50 to upper drums 54 of condensers 48 and into a 
condensing section 56 of each condenser 48 where steam is cooled condensed and 
collected in lower drums 58. Condensate drain line 52 extends from lower drums 58 
of condensers 48 to valves 60. A vent line 62 extends from lower drums 58 to a 
radiation waste tank (not shown). An injection line 64 extends from valves 60 to 
drywell 28 and condensate drains to drywell 28 through condensate drain line 52, 
valves 60, and injection line 64. In another embodiment, injection line 64 extends into 
RPV 1 2 and condensate is returned directly to RPV 1 2. 

RPV 1 2 is located in containment vessel drywell 28. Drywell 28 is dry under 
normal operating conditions, but may fill with water in a LOCA. Drywell 28 is in fluid 
communications with RPV 1 2 by at least one remotely actuated drywell valve 66. In a 
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LOCA drywell valves 66 are opened on a low RPV water level to allow water from 
drywell 28 to flow into RPV 1 2. 

[0021] In the event of a reactor LOCA, high pressure steam is released into containment 
vessel cavity 26. Containment vessel 14 contains the surge in pressure in containment 
vessel cavity 26 that is relatively similar in size to RPV 1 2. More specifically, 
containment vessel cavity 26 has a volume that is slightly larger than the volume of 
RPV 1 2, but less than about four times the volume of RPV1 2, and can contain the high 
pressure steam at pressures up to about 50 atmospheres to about 1 50 atmospheres. 
Steam flows from drywell 28 through inlet line 50 to condensers 48 where the steam 
is cooled and condensed. The condensate is then returned to the RPV through 
condensate drain line 52 and injection line 64. The water collected in drywell 28 can 
be directed into RPV 1 2 through valves 66 thereby cooling the core. 

[0022] The above described boiling water nuclear reactor 1 2 having a compact, dry 

containment vessel 1 4 which isolates and retains coolant inventory following a LOCA. 
The containment vessel is capable of maintaining core cooling and decay heat transfer 
using isolation cooling condensers 48 without requiring reactor coolant make-up 
from external sources. The containment vessel facilitates removal of residual heat by 
isolation condensers and the return of condensate to the reactor by isolation 
condenser discharge lines and/or equalizing lines. Further, containment vessel 1 4 
facilitates remote, modular fabrication of the reduced volume, high pressure 
containment vessel, reducing construction time and costs. 

[0023] While the invention has been described in terms of various specific embodiments, 
those skilled in the art will recognize that the invention can be practiced with 
modification within the spirit and scope of the claims, j 
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